Cubes of2% agar gel, with side lengths (2L) of 1, 2, 3, 5, 7 and 10cm, were soaked in a 0.1m sodium chloride solution at 25°C. After soaking for 0-75 hr (f), the amounts of sodium chloride and water in the gel were measured, and the mean concentration of the sodium chloride in the gel cube was calculated. The ratio of the mean concentration to the boundary concentration (Cr) depended on the value of t/L2. The value for the apparent diffusion coefficient CDapp), which was yielded by substituting the values of t/L2 and Cr into the solution of the diffusion equation, depended on t/L2 and Cr, and reached the maximumvalue (1.03 x 10~5 cm2/sec) at about Cr =0.6. The relationship between Cr and Dappt/L2, which is shown in this paper, can be applied to the diffusion of any substance in various food materials other than agar gels or sodium chloride.
The transport of mixing additives, seasonings, water or vapor in foodstuffs plays an important part in cooking and food processing.
In order to describe the transport of the latter quantitatively, it is necessary to know the apparent diffusion coefficient (Z>app) of the diffusing substances. The transport and Dapp value of cyclohexanol in potatoes1} or the Z)app of sodium chloride in cheese during salting2) have been reported. The reduced water activity in meat during soaking in a sodium chloride-glycerol solution has been studied, the Z>app of the solute being measured by using a beef plane sheet.3) Besides real foods, various In all these reports, the diffusion flow was designed to occur in one direction, and it was assumed that the Dappvalue was constant during the experiments. Therefore, the Z)app obtained by such methods indicates the degree of interference from the matrix of foods or gels. On the other hand, in most cooking or food-processing operations, the diffusing substances penetrate the materials in all directions from the surface to the center. Therefore, each diffusion flow affects the other flows. Consequently, the Dapp in three-dimensional diffusion must be different from that obtained in an one-dimensional diffusion system. Furthermore, since each diffusion flow changes with the time elapsed because of the mutual distrurbance, Dapp is also thought to depend on time.
For three-dimensional diffusion, the Dapp of various salts in tuna flesh has been measured.10'1^In these studies, Z)app was calculated by assuming it to be constant during the diffusion process. When studying the threedimensional diffusion flow in a medium, the steric concentration profile therein is necessary for an approximate solution. Since it is difficult to obtain this, the meanconcentration in the medium is often used. This investigation was undertaken to reveal the properties of Z)app when three-dimensional diffusion occurs in media. For this purpose, the Z>app value for sodium chloride when it diffuses into 2% agar gel cubes, from the surface to the center, was studied, using the diffusion equation for the meanconcentration of sodium chloride in cubes. The relationship between the size of the cube, immersion time, the meanconcentration of sodium chloride in the cube and Z>app will be shown. These results can be applied to any other homogeneous cube and any other diffusion substance.
Materials and Methods

Materials.
The Preparation of the agar gel cubes. Agar powder was soaked in deionized water for one hour, dissolved at 70°C for 30min, then dissolved completely at 90°C for 30min by using a reflux condenser, degassed under reduced pressure, and finally solidified in a stainless steel vat at 25°C for 12 hr. The solid content of the gel was 2% (wt/wt). Just before soaking the gel in a sodium chloride solution, the gel was cut into cubes with a knife, the side lengths of which were 1, 2, 3, 5, 7 and 10cm, respectively/The surface of each cube was made as smooth as possible:
Preparation ofagar gel as an infinite slab. Agar gel was similarly dissolves and solidified in a cylindrical stainless steel container, the diameter of which was 10 cm and height 10cm. An additional 3cm of height was created with aluminum foil wound around the top of it. After leaving the gel at 25°C for 12hr and then cutting off the top 3cm, the gel was used in a diffusion experiment.
Measurement of the mean concentration in gel cubes. The agar gel cubes were soaked in a 0.1m sodium chloride solution at 25°C (+0.5°C) under the conditions shown in Table I . The cubes were stood in the solutions on a network of suspended stainless steel or plastic so that sodium chloride could penetrate the cubes from every face. The solution was stirred with a magnetic stirrer.
After soaking for a prescribed period, the gel cubes were taken out of the sodiumchloride solution, and weighed after the solution on the surfaces had been quickly removed with filter paper. The water content was measured by using half the number of gel cubes and drying at 70°C in vacuo. With the other half, the total amount of sodium chloride which had penetrated the gel cubes was next measured. Each gel cube was homogenized at 18,000rpm for 2min with a DX-8 homogenizer (Nihonseiki Kaisha Ltd.), that wasfilled up to an appropriate volume with deionized water, and the homogenate was centrifuged at 5,000 x g for lOmin. To the supernatant (2.5ml) the following reagents were successively added: mercury(II) thiocyanate (1 ml), iron(III) ammonium sulfate (2ml), and deionized water (7 ml). After leaving the mixed solution for lOmin, its absorbance was determined at 460nm. By this measurement, the concentration of Cl~could be determined12) from the standard curve. Using the concentration ofCl~, the total amount of Cl~which had penetrated the cube was calculated, and the total amount of sodium chloride was then obtained from the ratio of NaCl/Cl = 58.44/35.45. The mean concentration of sodium chloride in the cube was then calculated from the following Table I 
C(t) (mol/ml) is the mean concentration of sodium chloride in the cube at time t, M(i) (mol) is the total amount of sodium chloride which had penetrated the cube at time t, W(g) is the weight of the cube, P(%) is the percentage of water content in the cube, and d (g/ml) is the density of water. The soaking experiment was triplicated. Fujii and Thomas4) have mentioned that agar gel was a cation exchanger. According to our preliminary investigation, however, there was only a negligible difference between the concentration of Na+measured by atomic absorbance flame photometry (Shimadzu AA-660) and Cl~measured as already described after soaking the agar gel in the sodium chloride solution.
Measurement of the concentration gradient in a semiinfinite gel slab. The agar gel slab in the stainless steel container was soaked horizontally in 5 1 of 0.1 m sodium chloride solution at 25°C for 1, 3, 6, 9 or 12hr, the solution being stirred with a mangnetic stirrer. After soaking, the gel was removed from the stainless steel container, and a small cylindrical section of 2.83 cm diameter was cut out from the center of the gel (Fig. la) . This part had not been influenced by diffusion flow from the side of the gel, which could be caused by the capillary phenomenonoccurring in the slight peripheral gap between the gel and the container. The cut-out cylindrical gel sample was sliced into 6 disks of0.5 cm thickness, in the direction away from the surface in contact with the sodium chloride solution (Fig. lb) . Each disk was cut in half, one half being measured for water content and the other half for the mean concentration of sodiumchloride in the same manneras that used for the cubes. 
The approximate solution obtained in this study was from Eq. (5), in which C(t) is the mean concentration in the cube at time t described in Eq. (1), and L is the half side length of the cubes (0.5-5 cm) employed in the experiment.
The initial condition Co was zero and the boundary condition C1 was 1 x 10~4 mol/ml in this study. 
and initial conditions: C=C0 x>0, t=0
was given by Crank14) as:
where C(x, 0 is the concentration of the diffusion substance at distance x and time /.
For an approximate solution of Eq. (8), C(x, i) was assumed to be the mean concentration of sodium chloride at the center of the sliced disks (Fig. lb); i.e., 0.25, 0.75, 1.25, 1.75, 2.25, and 2.75cm from the surface.
Results
Change of the mean concentration in the gel cubes
The change of Cr for the various agar gel Concentration Gradient in a Semi-infinite Gel Slab. The unit in the figure is cm: a, stainless steel container in which the agar gel slab was contained; b, cut-out cylindrical sample which was used for measuring the concentration gradient of sodium chloride. i.e., Cr=\.
Relationship between Cr and t/L2
The relationship between Cr and t/L2 is shown in Fig. 3 . It can be recognized that the value of 1 -Cr is a function of the value oft/L2 regardless of the the size of the cube. Fig. 3 .) Dapp was calculated by taking the first 4 data from the left as one set to make Eq. (5) best fit these 4 data, then another set was formed by taking the last 3 data of the first set and adding to the next datum moving right, its Dapp being calculated in the same way, and so on. Thus, the value for^aPP corresponding to these small sets of t/L2 or Cr could be approximated. Whenthe numberof data in a set was smaller, the value for Dappwas so widely scattered that the dependency ofDapp on t/L2 or Cr could not be recognized. The calculated Dappversus Cr is shown by circles in Fig. 4 . The value for Cr in Fig. 4 represents the meanvalue of the four data in each set. The value for Dapp completely converged when m, n and p in Eq. (5) became greater than 7 or 8. The value for Z>app was found to be variable depending on the value of Cr, and to reach a maximum at about Cr=0.6. By means of the method of least squares, the value for Dappcould be expressed as a quadratic equation of Cr as follows: Dapp=AxC2+BxCr+C (9) 
Relationship between Cr and Dapp t/L2
By employing the value for Z)app of Eq. (9), the relationship between 1 -Cr versus D^t/L2
was obtained as shown in Fig. 6 . The experimental value estimated from this solid curve is also shown as the solid curves in Fig.  2 , and the curves agreed well with the experimental ones. In this way, we can obtain the curve of Cr versus t for various sizes of cubes by using the solid master curve shown in Fig. 6 .
Diffusion coefficient in semi-infinite media
The values for Cr in a semi-infinite agar gel slab are shown in Fig. 7 in the gel to the boundary concentration, depends on both the side length of the cube and the soaking period, as shown in Fig. 2 .
By employing the value for t/L2 as a variable, Cr could be expressed as a function of this as shown in Fig. 3 .
Features oj Dappfor three-dimensional diffusion The value for Z)app depended on t/L2 and Cr, and had a maximum as shown in Fig. 4 .
Furthermore, for all values of t/L2 or Cr, the Z)app in cubes was found to be less than that obtained in a semi-infinite slab. Even the maximumZ)app in the cube was 8% less than In this investigation, an attempt was madeMW= total amount ofsolute that has to recognize a relationship amongthe size of a cube, the immersion time, the mean concentration of sodium chloride in the cube and -Dapp. The relationship among these, shown in Fig. 6 , can be applied to the diffusion of substances in various kinds of food materials other than agar gel. After undertaking the experiment with one size of cube for a certain food material, the value for Z)app and the mean concentration of various sizes of cube of the food material can be predicted from the solid curve in Fig. 6 .
The dependence of Cr on Dapp Figure 4 shows that the value for Z>app changed from about 0.8 x 10"5 to 1.03 x 10"5 cm2/sec. When Z>app is assumed to be constant, it becomes 0.98 x 10"5 cm2/sec by substituting all the data into Eq. (5). Whenthe value for Cr is calculated by using this constant Z>app, the maximumdifference in Cr between the 
